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IXTRODUCTIOX 

The herpetologieal literature eontaiiis two reports describing* 
the first luminous organs in a terrestrial vertebrate. The two 
papers discuss identical specimens of the Trinidad lizard Procto- 
poriis slirerei Barker. Sanderson (1939, and observations cited 
by Barker, same date) claimed that light was emitted by black 
bordered ocelli on the sides of a male, and Barker (1939) sup¬ 
ported this on the basis of his histological examination of the 
preserved animal. 

X^ new observations have been published since that time, 
but a number of workers have commented upon the original 
observations. Thus Bope (1955, p. 306) remarked that ‘'other 
teiids have spots somewhat like those of P. shrevei, so it is highly 
probable that they, too, can light up.” In contrast to this, 
Harvey (195‘2, p. 494) in his monograph on bioluminescence 
stated that he believed 'Gill reports of luminescence in higher 
vertebrates to be false or spurious due to reflection of light or 
infection by luminous bacteria.” 

The divergence of opinion on this interesting point prompted 
a re-examination of this question. The present paper reports a 
few additional field observations, and includes as well a detailed 
examination of the histological structure of the ocelli. Since 
Procfoponis ahrevei is very rare, this re-examination had to be 
carried out on two related and superficially similar forms. 
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OBSEKVATIOXS OX LIVIXG SPECIMP]XS 

Parker (IDoD. je 659) iiieiitioiied that Saiulerson’s field notes 
eoiitained only a brief referenee to eolor pattern involving’ ^‘five, 
blaek spots eaeli containing a small, vivid wliite, sometimes 
luminons bead/’ Parker further stated that Sanderson in con¬ 
versation informed him ‘Gliat tlie animal was kept alive in 
captivity and eonld be stimulated to emit light from the lateral 
s])ots: the light was of a pale greenish line, similar to that pro¬ 
duced by the hands and figures of a luminous Avateh. Excitement 
produced by flashing an intermittent lieain of light on the lizard 
was found to be a very effective stimulus to light production.” 

A more specific first-hand report was given by Sanderson 
(19‘>9, ]:>p. -1-1-43) in his jiopnlar, consideral)ly amplified and 
slightly diff(*rent, aei'ount. ^Yh(nl initially observed the lizard 
‘Aurned its head away from me and both its sides lit up for a 
few s(a‘onds like the jiortholes of a ship.” ‘AVfter one brilliant 
disjilay on the night of its a)‘rival in camp it refused to shine 
with full brightness though the beadlike spots remained plainly 
discernible in a darkened box when the rest of the animal was 
invisi])le.” A ^Moud whistle, sudden winds, and flashes of light 
greatly agitated our lizard, causing it to switch on its ‘‘port¬ 
holes”. . . . The light was much ])righter the first time it was 
switclied on after the animal had ])een (piiescent for a period, and 
more es])ecially after it (the lizard) had ju'cviously been sub¬ 
jected to intense illumination.” 

We have ])een able to obtain four sets of furtlier observations 
on live specimens of the genus P)‘Ocfoporus, 

Julian S. Kenny (V. C. Quesnel, personal communication) 
some time ago repeated Sanderson’s experiments on the original 
species (P. shrcvfi) with entirely negative results. Kenny’s field 
notes also indicate that the lizards are diurnal and inhabit rela¬ 
tively open spaces on El Tuemdie, Trinidad. 

Dr. Janis Poze (in Jiff.) states that a specimen of Proofoporns 
achJifcns Uzzell (IM.C.Z. 53128. later used for histological exami¬ 
nation re]mi*ted hei’ein) did not gloAV when placed in a darkened 
room after capture. lie adds that exjiosure to ultraviolet light 
did cause the spots to shine faintly. The test was carried out in 
an incompletely darkened room, and the results seem to be 
open to some (piestion. 

Harold Ileatwole and Owen J. Sexton (personal communica¬ 
tion) perfoimied a num])er of experiments at a field station in 
Venezuela. They tested one adult male of J\ lucfuosus (Peters) 
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and two adnlt males of P. aclihfi us i'or a ])eriod of one month. 
Tlie spots of tli(‘ first speei(‘s were yellow and tlio.se of the second 
were red in life, both series of siiots bleaching to white after 
formalin jireservation. The specimens Avere repeatedly mov(‘<l 
from light to dark environments and were observed at night. 
Th(^ animals were disturbed. Xo luminescent effect was ever 
noted, ritraviohd illumination was not attempted. 

Th(‘ most extensiv(^ seines of observations on live animals was 
made in Ecuador by dames A. Peters (/a Hit.). Specimens of 
Priouoihiciijlus a riihruHs (()'Shanghnessy) nwiX NeusHvurns (c- 
plcopus Poiie were observed while free in the field, during the 
collecting xiroca^ss, and for sevei*al weeks in the laboratory. lie 
reported that neither luminescence nor any other kind of light 
('ould lie noted in bi*oad sunlight, dim or artificial light, or in tin* 
complete absence of light. Xo inflection could be noted under 
various typ(*s of lighting (snn, flnores{*ent and incandescent A in 
qniesc(*nt, a('tive or d(dib(n*ately disturbinl animals. The evidence 
is most valuabh* liecanse Peters was aware of the lizards’ reimta- 
tion and was deliberately testing the hypothesis of Inminescence. 

SrPEPFICIAL APPEAPAXCE AXl) PIIYLOOEXETK^ 
DISTPJBIfTlOX OF THE OCELLI 

The sni)])osedly Inminons ocelli (Fig. 1) are rather similar in 
the species of Proctoponis and Xcusiicitnis hei-e discussed. They 
am* ai*ranged in a single row along the side of the animal; each 
ocellus always shows a light-colored, shai-ply-defined, black- 
bordei*ed, circular center. They may be restricted to adnlt males, 
witli jiivi'iiilc specimens and females showing only traces. There 
is iisnally a size decrease of the ocellar C(*nter posteriorly along 
the series. Thei*e may be a mai*ked irregnlarity in tin* width of 
the black border. Thei*e is no correlation between the oc-ellar 
and the scale ])atterns. 

While sharply-defined ocelli are commonly well developed oidy 
in Lonleng(*r’s (1885, p. 382) teiid group 11, a check of the more 
than 130 species of t<*iid lizards as well as forms of otlier famili(*s 
represented in the coll(*ction of the Museum of Comparativ(* 
Zoology at llarvai’d College indicat(*d that patterns with shar])ly 
contrasting light and dark colors are (>xtr(*niely common. A 
comi)lete morjdiological sei*i(*s may be demonstrated in tie* 
Teiidac. This series ranges from ]>atterns with alt(*rnating light 
and dai’k strijies, through those in which tin* strip(*s alternately 
rus(* and bi*eak )i]), to i)att(*rns with W(*ll-defined light cii*<*h‘s on 
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a dai’k baok^TOund. Sncli spots may be found over the entire 
body or may be restrieted to the sides. The eondition found in 
the males of Proctoponis and Xrusticuriis represents only one 
extreme development of color variation. Similar conditions may 
also be obsei*ved in certain ^eckonids and i^nanids. Here the 
ocellar pattern may occur all alon^* the side, with the color 
contrast emphasized around a limited number of spots. 




Fig. 1. Proctoponis achlyons Uzzell. Lateral view to show shape, size 
and ariaiigenient of ocelli. The scale is graduated in inm. (VI.C.Z. 53128^ — 
C.G. photo.) 

HISTOLOGICAL AND IIISTOCTIEMICAL EXAMINATION 
OF THE SKIN 
Methods 

Two s])(^cimens were tised for histological examination. These 
were iM.C.Z. 43764, Xfusticurns ccphopns occllatns Sinitzen from 
Hacienda Pampayacn, Departamento de Ilnannco, Pern, and 
M.C.Z. 53128, Proctoponis acJiIi/i ns pizzell from Choroni, Estado 
de Arag'iia, Venezuela. The innsenm specimens were reported to 
have been fixed in 10 pei* cent formalin and transferred to 
70 per cent alcohol for stoi’age. 

Sections were cut from the second (and largest) ocellus of the 
left side of each specimen. A sami)le of faintly pigmented skin 
from the ventral surface of M.C.Z. 53128 was sectioned for 
comparison. Small blocks of tissue, including both the center 
and the blaclv margin, in the case of the ocelli, were excised. 
These tissue^ blocks, including the epidermis, dermis, and a small 
amount of nmhn’lying skeletal muscle were hydrated thi'ongh a 
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(leseeiicliiiy- aleoliol series, pust-eliroinated iu saturated aqueous 
potassium dichromate at room temperature for three da^’s, 
washed OA’eriiight in running* tap water, dehydrated in ethanol, 
cleared in chloroform, and embedded in tissue mat (56-58°). 
Five-micron sections were mounted individually so that various 
staining teehni(iues could he cari’ied out on adjacent sections. 

The techni(iues used Avere: Harris hematoxylin and eosin and 
the pai’aldehyde fuchsin method as modified by Halmi (Halmi, 
1950) for general morphology, AVilder's modification of the 
BielchoAAAsky silver impregnation method (Eomeis, 1948, p. 355) 
for nerve fibers and endings, Sudan black B Avith acetone con¬ 
trols foi- lipid compounds, the periodic acid-Sehiff technique for 
1-2 glycol linkages, the azo dye methods for protein bound sulf- 
hydryl and disulfide groups (Barrnett and Seligmau, 1952, 
1954), dilute methylene Idue at pIFs 4 to 9 and dilute light 
green at pll ’s 3 to 8 for a rough approximation of pH signature 
of proteins (Singer, 1952) and buffered toluidine blue and thio- 
nine for metachromasia. 

BEXERAL MORPHOLOGY OF THE SKIN AXD OCELLUS 

On the basis of the appearance of nuclei, blood cells, striated 
muscle fibers, small neiwes, and the cells of the epidermis, the 
fixation Avas judged to be good. Presumably the external loca¬ 
tion of the tissue Avith the consequent immediate exposure to the 
formalin had been adA^antageous. In addition, the tanning Avith 
dichromate seems to haA'e been successful in prcATiiting the 
shrinkage that normally results from paraffin embedding of 
foiTiialin-fixed tissues. 

As I'cvealed by hematoxylin and eosin (Figs. 2, 3), the epi¬ 
dermis is composed of a very thin stratified squamous epithelium 
shoAAdiig a prominent basement membrane. The e})ithelium con¬ 
sists of a single-layered cuboidal stratum germinativum eoA’ered 
l)y only one or tAvo layers of flattened squamous cells. The surface 
is covered by dense keratinous scales. 

The dermis can be subdivided into tAvo layers. Superficially, 
it is composed of a rather loose fibroelastie tissue AAdiieh contains 
a dense accumulation of melanin pigment except in the region 
of the ocellus. The pigment appears to be contained in ehroma- 
tophores, but this cannot be stated categorically for all of it. 
Often fine strands of pigment gi'anules extend into the epidermis. 
In some instances these granules seem to be in processes betAATen 
the epidermal ('ells, but in others they seem to occur Avithin the 


lillEVIOKA 


No. 125 


(i 

c-yloplasiii ol' the eihthelial eells. Possibly they occur in both 
locations. The deej) layer of the dermis is eomi)Osed of typical 
ch‘ns(‘ eollageiioiis eoniiective tissue with a rather rej^ular orienta¬ 
tion parallel to tlie surface of the skin. Both layers of the dermis 
contain an (‘xtensive netwoi*k of elastic and reticular fibers. 



Fig. 2. Cross-seotioii througli the center nf ocellus (Ijetweeii the arrows i 
and surrounding pigmented skin taken from Prorfoponis ((c]ih!(ns Vzy.oU. 
Ilmnatoxylin and eo.sin. odX. 



Fig. 3. Cros.s-.section through the center of the ocellus shown in Fig. ll. 
Xote the thin epidermis (K), the vacuolated appearance of the superficial 
layer of the dermis (S), and the dense collagenous deep layer of the dermis 
(D). Hematoxylin and eosin. 400X. 
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The (leniiis is underlain by typical loose connective tissue eon- 
tainiii<i’ small blood vessels, fat cells, and small peri])heral nerves. 

Thf white center of the oecUiis, which is the prime ohject of 
this study, differs histologicatly from the rest of the skin only 
i)i the fact that no melanin pigment occurs i}i the superficial layer 
of the dermis or epidermis. The sections tln*on^’h the ocellus do 
not show any obvious ditferenc'es in thickness or ai‘rangement of 
skin striudures as compared with the noimial pi^auented ai'eas. 

It should be noted esp(‘(dally that no uei-ve fibei's oi* s])ecialized 
nei've endings were recognized in tlu‘ d(u*mis of either th(‘ ocellai* 
or the ])igmented regions of the skin, although distinct nei’ve 
fibers could be seen in the subcutaneous tissue and in the under¬ 
lying muscle bundles. It should be noted fni‘thei* that no exten¬ 
sive or unusual vasculai* ai*rang(‘ment occurs in the region of the 
ocellus. 

THE IIISTOCHE.AIISTEY OF THE SEt^TIOX 

11 istochemically, the epid(*rmis shows nothing striking. Its 
surface gives a moderate reaction for sidfhydryl gi‘ou])s and an 
intmis(‘ r<'actiou for disulfide linkage's, as woidd be exj^ected if its 



Fig. 4. Cross-scH-tioii tlirongli the same ocellns as shown in Figures 2, 3. 
Xote th(‘ intense PAS-positive reac-tion of tlie snpei'fieial lavcw of tlie 
dermis. Periodie-aeid-Schiff reaidion connterstained witli liematoxylin 
400X. 
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scales W(‘rc* keratinized. The cpidcDuis covering the white spot is 
identical with tJud cov( ring pigmented dermis. The deep layer 
of the dermis also seems to he identical below the white and 
])i<>nieiited skiji. The reactions of both eollag'enous and elastic 
tissue ]n*eseiit nothin*^- novel. The superficial deianis of the white 
spot is of special interest, however. In hematoxylin and eosin 
l)rei)arations, it is much more li«*htly stained than the deep 
l)ortion of the deianis, contains less collagen and is far more 
cellular. Ilowevei*, the cytoifiasmic limits (and the cell boun- 
dai'ies) of these cells cannot be made out. The impression, 
thei’efoi'e, is of tenuous, ])resumably branched cyto])lasmic i)roe- 
esses. 

1 listochemically, this superficial region of the dermis (the eell 
cytoj^lasm .') shows a number of ehai'aeteristics. Thus it gives 
an intense positive PAS I'eaction which is diastase* resistant 
(Fig. 4). Further, it shows a moderately sti’ong reaction for 
sulfhydryl groups which is not greatly inteoisified with the 
disulfide t(*st. With controlled pll staining it shows only a weak 
staining with light green even at low pH's, but a moderate (pH 
5) to heavy (pH 8) staining with methylene blue or thioiiine. 
Fi'om these results it seems possible to conclude that the cells 
of this i*egion ai*(‘ not vacuolated (as might appeal* from H and 
E se(*tions), but contain a substance or substances not readily 
stain(*d by I'ontine methods. The results of the PAS method show 
that this matei*ial contains numerous 1-2 glyeol linkages, but is 
not glycogen. The n^sults of the snl])hydryl and the controlled 
pH methods indicate a moderately basophilic protein which (con¬ 
tains ap])r(*('iabh‘ ('ystine or cysteine oi* both. A conp^lete absence 
of staining with Sudan black B indicates that it is not a 
])hosi)holif)id, a glycolipid, or a lipoprotein. Thus these findings 
sugg(‘st tin* presenc(‘ of a mu(co])rotein or muco]iolysaecharide. A 
h(‘avy accumulation of ('onnective tissue ground substance would 
account for these obs(‘rvations exce])t for the absence of meta- 
chromasia. While the fixation in this instance is not optimum 
foi* a (critical evaluation, the a])]:)earance of the sections favors 
an intra- rather than extracellular localization. 

Furth(U'mor(‘, niion the examination of unstained sections, the 
r(*gioi] shows no marked granulation under either the light or 
phase-cont]*ast nii('rosc()p(‘. The reflecting pigment guanine is 
su]iposed]y insoluble in all of the reagents used for fixation and 
embedding, (dianine crystals, if j^resent, should therefore be 
evident in unstained sections, and their al)sence I’ules out tliis 
pigment as the souive of the white appearance. 
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DISCUSSION AND COXCT.USTOXS 

J>asii‘ally tliere are no inipoi'tant differences beDveen the pres¬ 
ent more extensive histological description and that originally 
l‘nrnish(‘d l)y Parker (P):>9, p. OaS). He accented the differences 
Ix^tween the tissue underlying the glistening Avhite spot and that 
below the remainder of the dermis. The ])oints emphasized were 
live: (1) a reduction of the epidermis to one-half its normal 
thickness, (2) absence of the cliromatophore layer, (3) presence 
of a mass of spongy mesenchymatons tissue, (4) large intra- or 
intercellular spaces in the spongy tissue, and (5) absence of nerve 
endings. Parker emi)liasized the poor preservation of the ma¬ 
terial. XXnther the stains nor the method of i)reservation were 
specified, but the photomicrographs suggest that only H and E 
01 - a similar routine staining technique was employed. 

We differ in failing to find either vacuolated spaces in the 
s])()ngv tissue or a redaction in thickness of the overlying epi¬ 
dermis. It seems clear that the i)resence of ''vacuolated spaces” 
conld be accounted for entirely by the fact that Parker ^s material 
was poorly preserved for histological purposes and that these 
are presumably fixation or shrinkage artifacts. With regard to 
the variation in thickness of the epidermis. Parker's photographs 
indicate that such a reduction does not coincide with the absence 
of melanin. Our sections indicate similar and regional differences 
in the thickness of the epidei-mis of some of the pigmented 
scales. 

On the basis of the additional evidence reported in this paper, 
the following statements may be made: 

Sanderson’s observations and Parker's comments thereon con¬ 
tain a number of inconsistencies. Sanderson reported that the 
light is fU) under the control of the animal and can be turned 
on and off. (2) much brighter the first time it is used after a 
period of quiescence, and 03) brightest just offer the spot has 
been subjected to illumination. In si)ite of this Pai-ker suggested 
that the organs are reflectors ratlier than truly luminous. A 
reflector might be capable of producing the first of the three 
effects, but the last two would be characteristic of true lumin¬ 
escence. 

X'^one of the subsequent field observers has reported similar 
results. Their experiments cover more specimens and a longer 
period than does Sanderson's repoid. However, in all but one 
ease the species involved are different, though externally vei-y 
similar and probably closely I’clated to the form on whicli the 
original report had been based. 
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The lat(‘ral oe(*lli of Proctoporus re]3resent one of four 

types of struetiin‘s: independent lig'ht-genei*ating‘ org-ans (eitlier 
innervated or under lioi*iiional eonti-o]), rece])taeles for li^lit-gen- 
eratin^' or^'anisins, s])eeialized I’etleetiiig' struetiires, or simply 
noni)i»’mente(l *‘wliite” si)ots vdtli a l)iaek mai\u‘in. 

Tlie first of tliese possi])ilities is made unlikely by a number of 
faetoi-s. The center of the ocellus shows no ^toss difference from 
the surrounding- skin and can be recoo-nized only by the absence 
of melanin. The ocellus does not, in any maniierj resemble pre¬ 
viously described luminescent oi'^ans. The cells of the white 
spot do not have an e})ith(‘lioid appearance and in no way 
1 ‘esemble cells i)revioiisly described for luminescent organs. There 
is neither special inneiwation nor vascularization. This is par¬ 
ticularly imi)ortant since Sanderson indicated tliat the light was 
tui-ned on quite raj^idly. 

The absence of any vacuoles or staining reactions character¬ 
istic of bacteria seems to rule out the possibility of storage of 
liniiinous mierooi'ganisms. 

There are c(‘rtain difficulties in distinguishing between re¬ 
flecting structures and i)lain white spots. It seems certain that 
the white spots do not re])i'esent one of the more complicated 
reflecting systems since s])ecialize(l ejDidermal cells and similar 
structures are lacking. 

It is, therefore, coindnded that the white aiqxuranee is pro¬ 
duced by an inter- or intracellulai’ substance, whi('h lies at the 
same level of the skin as the dermal melanoi)hoi*es, and wliicli 
may or may not have sjx'cial reflecting i)roperties. The further 
possibility exists that a local accumulation of connec-tive tissue 
ground substaiu'c, or a s])ecific intracellular mucoprotein or 
muco])olysaccharide could be strongly reflective. 

This conelusion is in good agi’eement with all reports of obser¬ 
vations on live animals but Sandei’son’s. If any of the si)ecies 
of Procfoporua oi* i*elated teiids are luminescent, they would seem 
to glow only undei* very s])ecial cii-eumstances and by a yet un¬ 
described mechanism. However, the inconsistencies of the initial 
reports by Sanderson and Pai'ker and the comi)letely negative 
result of the investigations present(‘d here force us to reject, foi* 
the pi'esent, any inter])retation of these “i)ortholes” as bio- 
luminescent 01 ’ga n s. 

Oui* findings, fin-thermon*, suggest a quite dilfeiHut and inter¬ 
esting possibility. The location and a})])earance of the protein- 
containing cells in the su])erficial dermis suggests that they 
could be ])otential imdanophores which hav(‘ foiuied no pigment. 
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dearly, proof of this would involve a study of the histochemistry 
of such ' melano})liores. Nevertheless, it seems 

possible to speculate that this coloi* pattern in lizai’ds mio-ht l)e 
acliieved thi-oug’h a precise local control of the chemisti*y of the 
melanophore cells and hence, mijiht prove an interesting area 
for the study of specified control of cellular differentiation. 
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